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(57) Abstract: In a stripping composition for easily removing a photoresist without an adverse effect and a method of manufacturing 
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performed before or after a stripping process may be omitted to thereby simplify a stripping process. 
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STRIPPING COMPOSITION FOR REMOVING A PHOTORESIST AND 
METHOD OF MANUFACTURING TFT SUBSTRATE FOR A LIQUID 
CRYSTAL DISPLAY DEVICE USING THE SAME 

5 Technical Field 

The present invention relates to a stopping composition for removing a 
photoresist and a method of manufacturing a thin fihn transistor (TFT) substrate of a 
liquid crystal display (LCD) device using the same. More particularly, the present 
invention relates to a stripping composition for easily removing a photoresist with a 
10 reduced adverse effect, and a method of manufacturing a TFT substrate for an LCD 
device using the stripping composition. 

Background Art 

Electronic display apparatuses are important in a recent information society, 
15 and the electronic display apparatuses are used in various fields. Various electronic 
display apparatuses have been improved to meet various demands of the information 
society. 

An electronic display apparatus displays various pieces of information so 
that a user easily recognizes the information through the electronic display apparatus. 

20 That is, the electronic display apparatus converts an electronic data signal outputted 
from an electronic apparatus into a light data signal that is perceivable by a user's 
eyesight. The electronic display apparatus serves a bridge between the user and the 
electronic apparatus. 

The electronic display apparatuses are generally divided into an emissive 

25 display apparatus and a non-emissive display apparatus. The emissive display 
ai>paratus displays a li^t data signal utilizing a light luminescence mechanism, 
while the non-emissive display apparatus displays a light data signal enocploying light 
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modulation mechanism such as reflection mechanism, difiusion mechanism, 
interference mechanism, etc. The emissive display apparatus, called as an active 
luminescent apparatus, includes a cathode ray tube (CRT), a plasma display panel 
(PDP), a light emittmg diode (LED) and an electro luminescent display (ELD). The 
5 non-emissive display apparatus, called as a passive luminescent apparatus, includes 
an LCD, an electrochemical display (BCD) and an electrophoretic image display 
(EPDD) apparatus. 

The CRT is used in a television receiver set or a monitor for a computer. 
Although the CRT has high display quality and low cost, the CRT has heavy weight, 
10 large volume and large power consumption. 

Electronic apparatus has been improved to have compact and small 
dimension, light weight and lower power consumption in accordance with the rapid 
improvement of senuconductor technology. 

The LCD apparatus has some advantages such as a thinner thickness and a 
15 lighter weight than other flat display apparatuses, and also the LCD apparatus 
operates with low power consumption and low driving voltage. In addition, the LCD 
apparatus has high display quality and low manufacturing cost so that the LCD 
apparatus has been widely used in various fields. 

The LCD apparatus may be easily manufactured using a proper photoresist 
20 composition for forming a photoresist film that determines the yield of a 
microcircuit. A quality of the microcircuit manufactured by an etching process is 
directly affected by the sensitivity, the developing contrast, the resolution, the 
adhesiveness to a substrate and the remnant characteristics of the photoresist film. 

In order to form a pattem according to a conventional method, a photoresist 
25 film including organic material is formed on a substrate including an hisulation film 
or a conductive film formed thereon. When the photoresist film formed on the 
substrate is exposed by ultraviolet or X ray, the solubUily of the photoresist film 
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against alkali solution is changed. When the photoresist film is exposed using a 
mask, a predetermined portion of the photoresist film is exposed. When the exposed 
portion of the photoresist film is developed, the portion of the photoresist film 
having relatively larger solubility is removed to thereby form a photoresist pattern 

5 exposing the portion of the insulation film or the conductive film. The exposed 
portion of the insulation film or the conductive film is etched to form an insulation 
film pattern or a conductive pattem on the substrate. The remaining photoresist 
pattern is then removed using an ashing or a stripping process. Thus, tiie insulation 
film pattem or the conductive pattem serving a wiring or an electrode is formed on 

10 the substrate. 

There is disclosed one conventional photoresist composition including a 
novolak of cresol-formaldehyde and photosensitive material substituted by 
naphthoquinonediazide in U.S. Patent No. 3,046,118, U.S. Patent No. 4,115,128, 
U.S. Patent No. 4,173,470 or Japanese Laid Open Publication No. 62-28457. 

15 Additionally, tiiere is provided another conventional photoresist composition having 
soluble alkali resin, o-naphthoquinonediazide sulfonic ester and viayl ether 
compound in U.S. Patent No. 5,648,194, Further, still another conventional 
photoresist composition including soluble alkali resin and formed using 
quinonediazide compound and polymer of polyphenol is disclosed in U.S. Patent No. 

20 5,468,590. Still another conventional photoresist composition of improved 
characteristics having novolak, quinonediazide and polyphenol is disclosed in U.S. 
Patent No. 5,413,895. 

After the insulation or the conductive pattem is formed on the substrate, the 
photoresist pattem is removed using a stripping composition including an organic 

25 solvent or an alkali solution. The organic solvent is widely employed since it 
efQcientiy removes the photoresist pattem while it does not erode the pattem or the 
substrate. However, the organic solvent is expensive as well as the organic solvent 
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. may cause a serious pollution. 

Disclosure of the Invention 

Accordingly, it is one feature of the present invention to provide a stripping 
5 . composition for efficiently removing a photoresist residue without causing an 
environmental pollution. 

It is another feature of the present invention to provide a method of forming 
a pattern using the stripping composition for efficiently removing a photoresist 
pattern, 

10 It is stiU another feature of the present invention to provide a method of 

simply manufacturing the TFT substrate of an LCD device using the stripping 
composition during relatively short manufacturing time. 

In accordance with one aspect on the invention, the stripping composition 
for removing a photoresist residue includes acetic acid and ozone gas included in the 

15 acetic acid as a bubble form. 

In accordance with another aspect of the invention, a photoresist pattern 
including novolafc is formed on a predetemnned layer that is formed on a substrate. 
The layer is etched to form a layer pattern using the photoresist pattern as an etching 
mask. The photoresist pattern is removed using a stripping composition including 

20 acetic acid and ozone gas contained in the acetic acid as a bubble form. 

In accordance with still another aspect of the invention, a first gate wiring 
layer and a second gate wiring layer are formed on a substrate. A first photoresist 
pattern including novolak is formed on the gate wiring layers. The second gate 
wiring layer is etched using the first photoresist pattern as a mask. The first 

25 photoresist pattern is removed using a stripping composition including acetic acid 
and ozone gas included in the acetic acid as a bubble form. The first gate wiring 
layer is etched to form a gate pattern having a gate line, a gate pad and a gate 
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electrode. A gate insulation layer is formed on the substrate. A semiconductor layer 
pattern and an ohmic contact pattem are formed after forming a semiconductor layer 
and a doped amorphous silicon layer on the gate insulation layer. A data line, a 
source electrode and a drain electrode are formed by etching a conductive material 

5 formed on the semiconductor layer. A second photoresist pattem including novolak 
is formed on a passivation layer after the passivation layer is formed on the data line, 
the source electrode and the drain electrode. The passivation layer includes an 
organic film. The passivation layer is etched to form a contact hole exposing the 
portion of the drain electrode. The second photoresist pattem is removed using a 

10 stripping composition including acetic acid and ozone gas contained in the acetic 
acid as a bubble form. Transparent conductive material is formed and etched to form 
a pixel electrode. 

In the method of manufacturing the TFT substrate for an LCD device, a gate 
pattem having a gate line, a gate pad and a gate electrode is formed on a substrate. A 

15 gate insulation layer is formed on the substrate. A semiconductor layer, an 
intermediate layer and a conductive layer are formed on the gate insulation layCT. A 
photoresist film including novolak is formed on the conductive layer. The 
photoresist film is exposed and developed to form a photoresist pattem. The 
photoresist pattem includes a first region formed in a chaimel region between a 

20 source electrode and a drahi electrode, and a second region formed in a data wiring 
region. The first region has a thickness thinner than that of the second region. The 
semiconductor layer, the intermediate layer and the conductive layer are etched so 
that a semiconductor layer pattem is formed in the channel region and the 
semiconductor layer pattem, an intermediate layer pattem and a conductive layer 

25 pattem are formed in the data wiring region. The photoresist pattem is removed 
using a stripping composition including acetic acid and ozone gas contained in the 
acetic acid as a bubble form. A contact hole exposing the portion of the drain 
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- electrode is formed through a passivation layer after forming the passivation layer 
on the data line, the source electrode and the drain electrode. The passivation layer 
may include an organic film. Transparent conductive material layer is formed and 
etched to form a pixel electrode. 

5 to the method of manufacturing the TFT substrate for an LCD device, a data 

wiring having data line is formed on an insulation substrate. A red color filter, a 
green color filter and a blue color filter are formed on the substrate. A buffer layer is 
formed to cover the data wiring and the color filters. A gate wiring layer is formed 
on the buffer layer. A photoresist pattem including novolak is formed on the gate 

10 wiring layer. The gate wiring layer is etched to form a gate wiring having a gate line 
and a gate electrode using the photoresist pattem as a mask. The photoresist pattem 
is removed using a stripping composition including acetic acid and ozone gas 
included in the acetic acid as a bubble form. A gate insulation layer covering the 
gate wiring is formed. Patterns of an ohmic contact layer and a semiconductor layer 

15 are formed on the gate insulation layer, and a first contact hole exposing the portion 
of the data line is simultaneously formed through the gate insulation layer and the 
buffer layer. The ohmic contact layer has an island shape. A pixel wiring including a 
source electrode, a drain electrode and a pixel electrode is formed. The source 
electrode and the drain electrode may be formed using material substantially 

20 identical to that of the ohmic contact layer pattem. The drain electrode is separated 
firom the source electrode. The pixel electrode is connected to the drain electrode. 
The exposed portion of the ohmic contact layer pattem between the source electrode 
and the drain electrode is removed so that the ohmic contact layer pattem is divided 
into two parts. 

25 Therefore, when the stripping composition of the present invention is used to 

remove the remaining photoresist pattem on a substrate after etching process, the 
photoresist pattem is easily removed without an adverse effect. The stripping 
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composition of the invention is cheap, and more effectively protects the 
environment in comparison with the conventional stripping compositions such as an 
organic solvent or an aUcali solution. Additionally, an O2 ashing process performed 
before or after a stripping process may be omitted to thereby simplify the stripping 
5 process because the stripping composition includes acetic acid and ozone gas. . 

Brief Description of tlie Drawings 

The above features and other advantages of the present invention will 
become more apparent with reference to the following detailed description when 
10 considered in conjunction with the accompanjong drawings wherein: 

FIG. 1 is a schematic plan view illustrating a TFT substrate for an LCD 
apparatus according to one embodiment of the present invention; 

FIG. 2 is a cross-sectional view taken along line of II-II' in FIG. 1; 

FIGS. 3 to 6 are cross-sectional views illustrating a method of manufacturing 
15 a TFT substrate according to one embodiment of the present invention; 

FIG. 7 is a plan view illustrating a TFT substrate for an LCD apparatus 
according to another embodiment of the present invention; 

FIGS. 8 and 9 are cross-sectional views taken along line of Vm-VIII* and 
IX-IX' in FIG. 7, respectively; 
20 FIGS. lOA to 17B are cross-sectional views illustrating a method of 

manufacturing the TFT substrate in FIGS 8 and 9, respectively; 

FIG. 18 is a plan view illustrating a TFT substrate for an LCD apparatus 
according to still another embodiment of the present invention; 

FIG. 19 is a cross-sectional view taken line of XIX-XIX' in FIG. 18; 
25 FIGS. 20 to 27 are cross-sectional views illustrating a method of 

manufacturing the TFT substrate shown in FIG. 19; and 

FIG. 28 is a flow chart illustrating a stripping process for a photoresist 
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pattern formed on a substrate. 

Best Modes For Carrying Out the Invention 

A photoresist composition generally includes a hi^ molecular (or polymer) 
5 resin, a photosensitive compound, an organic solvent, etc. Preferably, the high 
molecular resin includes novolak resin. The novolak resin corresponds to a soluble 
alkali resin, and the novolak resiu. may be employed for a positive photoresist 
Aromatic alcohol and aldehydes are reacted with an acid catalyst to thereby form the 
novolak resin in accordance with a polymerization mechanism. The aromatic 
10 alcohol includes meta-cresol and/ or para-cresol. 

Examples of phenols include phenol, cresols, xylenols, alkyl phenols, alkoxy 
phenols, isopropenyl phenols, polyhydroxy phenols and a mixture thereof. Examples 
of the cresols may include m-cresol, p-cresol or o-cresoL 

Examples of the aldehydes may include formaldehyde, paraformaldehyde, 
15 acetaldehyde, propionaldehyde, butylaldehyde, trimethylaldehyde, benzaldehyde, 
terephthalaldehyde, phenylaldehyde, hydroxybenzaldehyde and a mixture thereof. 
Preferably, the aldehydes include formaldehyde. 

The acid catalyst employed in the polymerization mechanism includes 
inorganic acids and organic acids. Examples of the inorganic acids include 
20 hydrochloric acid, sulfuric acid, phosphoric acidi etc. Examples of the organic acids 
include acetic acid, p-tolune sulfonic acid, oxalic acid, etc. Preferably, the acid 
catalyst is oxalic acid. The polymerization is accomplished at a temperature of about 
60 to about 120''C for about 20 to about 30 hours. 

The photoresist pattern is formed using an exposure process, a developing 
25 process and a hard-baking process. The hard-baking process is performed after the 
exposure and developing processes. When a substrate is hard-baked, the photoresist 
pattem flows by heat. The thermal flow of the photoresist pattern is prevented 
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according to the concentration control of metacresol and paracresol or the molecular 
weight control of the polymerized high polymer. 

The photoresist composition may include diazides compoxmd. Polyhydroxy 
benzophenone is reacted with the diazides compound to form the photoresist 

5 compound. Examples of the diazides compound may include 
1,2-naphthoquinonediazide, 2-diazo-l-naphtliol-5-sulfonic acid, etc. Preferably, the 
polyhydroxy benzophenone is 2,3,4,4'-tetrahydroxy benzophenone, and the diazides 
compound is formed by esterification of the 1,2-naphthoquinonediazide, such as 
2,3,4,4'-tetrahydroxybenzophenone-l,2-naphthoquinonediazide-4-sulfonate, 

10 2,3,4,4' -tetrahydroxybenzophenone- 1 ,2-naphthoquinonediazide-5 -sulfonate, 

2,3,4,4'-tetrahydroxybenzophenone-l ,2-naphthoquinonediazide-6-sulfonate, etc. 

The photoresist composition is coated on a substrate to form a photoresist 
film, and then the photoresist film is dried. The photoresist composition includes the 
high molecular resin and the photoresist compound. The photoresist film is exposed 

15 using a photo mask and developed. The exposed portion of the photoresist film is 
soluble relative to a predetermined solvent, and an unexposed portion of the 
photoresist film is insoluble so that the exposed portion of the photoresist film is 
removed by the developing. Therefore, a photoresist pattern is formed on the 
substrate. 

20 According to the present invention, a stripping composition includes acetic 

acid and ozone gas. The photoresist patton is removed by using the stripping 
composition prepared by the following formula. The photoresist composition 
preferably includes a novolak resin and a photoresist compound. The novolak resin 
is formed using formaldehyde and cresol. The photoresist compound includes diazid 

25 compound that is formed by 2-diazo-l-naphthol-5-sulfonic acid; The photoresist 
pattem is decomposed using the ozone gas according to the following formula. 
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When the compound I is exposed to the stripping composition, the 
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compound I is decomposed into the compound H, carbon dioxide and water vapor 
using an activated radical or a positive ion. The compoxmd I corresponds to a 
photoresist including novolak, the compound n includes a ketone compound and an 
aldehyde compound. The activated radical and the positive ion are formed using the 
5 ozone gas. Volatile gases may also be formed in accordance with the decomposition. 
Examples of the volatile gases may include carbon dioxide and water vapor. The Ri 
and R2 of the compound n include hydrogen, hydroxyl, alkyls, etc. The ketone 
and/or aldehyde are decomposed to form the compound III and the compound IV. 
The compound HI and the compound IV correspond to water-soluble are carboxylic 
10 acid. Thus, the compound HI and the compound IV may be removed by rinsing. 

The acetic acid corresponds to a solvent that dissolves the photoresist The 
pH of the acetic acid exists in the range of about 1.6 to about 5. Preferably, the pH 
of the acetic acid exists in the range of about 1.6 to about 2.4. The photoresist may 
be lifted off by the ozone under a strong acidic atmosphere. The photoresist is 
15 transformed to a carboxylic acid by the ozone so that oxidation-reduction potential 
is no less than about IV while the pH is no more than about 5. The acetic acid also 
maintains under the acidic atmosphere. The concentration of the acetic acid may be 
about 95 to about 99.5%. 

In order to form the stripping composition, a tubule is inserted into a 
20 container or a tank including acetic acid. Ozone gas is injected into the acetic acid 
through the tubule to bubble in the acetic add. The ozone gas is formed using 
electrolysis. A composition having the acetic acid and the ozone gas bubble is 
ejected throu^ another tubule. The composition is then sprayed onto a substrate 
having a photoresist pattem through a nozzle. The stripping composition wets the 
25 photoresist pattem to decompose the photoresist pattem. Hereinafter, the process of 
removing the photoresist pattem using the stripping composition is referred to as 
*ozone wet lift'. The deconq>osed photoresist pattem is rinsed using ultra pure water. 
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Therefore, the photoresist is completely removed from the substrate. 

Photoresist residue is decomposed iato soluble carbolylic acid, volatile 

carbon dioxide gas, water vapor, etc. using the stripping composition. The 

photoresist residue may be decomposed without toxic organic solvent Hence, the 
5 process using the stripping composition may not pollute an environment An O2 

ashing process may also be omitted, thereby simplifying the stripping process about 

the photoresist pattern although the O2 ashing process may be performed before or 

after the conventional stripping process. 

To form a conventional gate double layer, a first gate wiring layer and a 
10 second gate wiring layer are formed on a substrate. A photoresist pattem including 

novolak is formed on the substrate having the gate wiring layers formed thereon. 

The second gate wiring layw is etched using the photoresist pattem as an etching 

mask. The photoresist pattem is then removed using the stripping composition. After 

an O2 ashing process is performed on the substrate, the first gate wiring layer is 
15 etched to form a gate pattem. However, the O2 ashing process may advantageously 

be omitted during the ozone wet lift process of the present invention due to the 

strong oxidizing strength of the stripping composition. 

When a double-layered gate pattem including Cr/Al layers is formed on a 

substrate, a Cr layer, an Al layer and a photoresist patten are sequentially formed on 
20 the substrate. The Al layer is etched using the photoresist pattem as an etching mask. 

The photoresist pattem is removed using the stripping composition. When the Cr 

layer is etched to thereby form the Cr/Al double-layered gate pattem on the 

substrate. 

After the gate pattem is formed on the substrate, a gate insulation layer is 
25 formed on the substrate having the gate pattem formed thereon. The gate insulation 
layer includes silicon nitride. A semiconductor layer and a doped amorphous silicon 
layer are formed on the gate insulation layer. The semiconductor layer includes 
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amorphous silicon. The doped amorphous silicon layer and the semiconductor layer 
are etched so that a semiconductor layer pattem of an island shape and an ohmic 
contact layer pattem are formed on the gate insulation layer using a 
photolithography process. The doped amorphous silicon layer is etched using the 
5 photoresist pattem as an etching mask. After an O2 ashing process is performed to 
remove polymers formed using a chlorine gas, and a stripping process is performed 
on the substrate including the photoresist pattem. The chlorine gas is used to etch 
the doped amorphous silicon layer. The stripping strips the photoresist pattem. 
However, the O2 ashing process may be omitted in the ozone wet lift process of the 

10 present invention. 

When a contact hole is formed, a gate contact and a data contact are 
simultaneously formed using an etching process, thereby damaging a photoresist 
pattem due to solidification thereof. In order to remove the solidified photoresist 
pattem, an O2 ashing step is required before the stripping step according to a 

15 conventional stripping process. However, the solidified photoresist pattem may also 
be decomposed into a carboxylic acid by the ozone wet lift of the present invention. 
Therefore, the O2 ashing process may be advantageously omitted. 

When the stripping composition of the present invention is used to remove 
the residue of the photoresist pattem after the etching process, the residue of the 

20 photoresist pattem is easily removed without any adverse effects. The stripping 
composition is cheap and more effectively protects the environment in comparison 
with the conventional stripping material such as organic solvent, alkali solution, etc. 
In addition, the O2 ashing process may be omitted to thereby simplify the stripping 
process although the O2 aslung process is performed before or after a conventional 

25 stripping process. 

Manufacturing Stripping Composition 

13 



wo 2004/053970 




PCT/KR2003/002660 



A stripping composition for removing a photoresist including novolak 
included aa acetic acid and an ozone gas. ,The ozone gas was included in the acetic 
acid as a bubble form. 

In order to form the stripping composition, the acetic acid was inserted into a 
5 tank. A tubule was inserted into the tank including the acetic acid. A pH of the 
acetic acid was 2. The ozone gas was injected into the acetic acid through the tubule 
to bubble in the acetic acid. The ozone gas was formed using electrolysis. A 
composition having the acetic acid and the ozone gas bubble was ejected througih 
another tubule. 

10 

Exemplary Emhndiment 

FIG. 1 is a schematic plan view showing the TFT substrate for an LCD 
apparatus according to one embodiment of the present invention, and FIG. 2 is a 
cross-sectional view taken line of II-II' in FIG. 1. 

15 Referring to FIGS. 1 and 2, double-layered gate wirings are formed on an 

iQSulation substrate 10. The gate wirings include first gate wiring layers 221, 241 
and 261, and second gate wiring layers 222, 242 and 262, respectively. The first gate 
wiring layers 221, 241 and 261 mainly include chromium (Cr), and the second gate 
wiring layers 222, 242 and 262 substantially include aluminum (Al). 

20 The gate wiring includes a gate line 22, a gate pad 24 and a gate electrode 26 

of a TFT. The gate line 22 extends in a first direction corresponding to a horizontal 
direction with respect to the insulation substrate 10. The gate pad 24 is connected to 
the end portion of the gate line 22 in order to transmit a gate signal firom outside to 
the gate line 22, The gate electrode 26 is connected to the gate line 22. 

25 A gate insulating layer 30 formed on the substrate 10 is formed over the gate 

wirings 22, 24 and 26. The gate insulating layer 30 includes silicon nitride. 

A semiconductor layer 40 is formed on the gate insulating layer 30 of the 
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gate electrode 26. The semiconductor layer 40 has seirdconductor material such as 
amorphous silicon. Ohmic contact layers 54 and 56 are formed on the 
semiconductor layer 40. The ohmic contact layers 54 and 56 have a silicide or N+ 
hydrogenated amorphous silicon doped with N type dopants by a high 
5 concentration. 

Data wiring layers 62, 65, 66 and 68 are formed on the ohmic contact layers 
54 and 56 and the gate insulating layer 30. The data wiring layers 62, 65, 66 and 68 
have a molybdenum layer or a molybdenum-tungsten alloy layer. The data wiring 
layers 62, 65, 66 and 68 extend in a longitudinal direction with respect to the 

10 substrate 10. The data wiring layers 62, 65, 66 and 68 include a data line 62, a 
source electrode 65, a data pad 68 and a drain electrode 66. 

The data line 62 intersects the gate liae 22, and Ihe data line 62 defines a 
pixel. The source electrode 65 is divided from the data line 62, and the source 
electrode 65 extends to an upper portion of the ohmic contact layer 54. The data pad 

15 68 is connected to an end portion of the data line 62, and the data pad 68 receives a 
pixel signal from outside. The drain electrode 66 is separated from the source 
electrode 65 and the drain electrode 66 is disposed on the ohmic contact layer 56. 
The drain electrode is opposite to the source electrode 65 by interposing the gate 
electrode 26 therebetween. 

20 A protecting layer including a passivation layer 70 is formed on the data 

wirings 62, 65, 66 and 68. The protecting layer may include an organic layer. 

Contact holes 76 and 78 are formed througli which the drain electrode 66 
and the data pad 68 are exposed, respectively. Another contact hole 74 is formed 
through which the gate pad 24 and the gate insulating layer 30 are exposed. The 

25 contact holes 76 and 78 are formed in a polygonal shape or a circular shape, through 
which the drain electrode 66 and the data pad 68 are exposed. Dimension of each of 
the contact holes is no more than about 2 mm x 60 ^m. Preferably, the dimension is 
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no less than about 0.5 mm x 15 pm. 

A pixel electrode 82 is formed on the passivation layer 70 in a pixel. The 

pixel electrode 82 is electrically connected to the drain electrode 66 through the 

contact hole 76. Also, an auxiliary gate pad 86 and an auxiliary data pad 88 are 
5 formed on the passivation layer 70. An auxiliary gate pad 86 and an auxiliary data 

pad 88 are connected to the gate pad 24 and the data pad 68 through the contact 

holes 74 and 78, respectively. The pixel electrode 82, the auxiliary gate pad 86 and 

the auxiliary data pad 88 have ITO. 

Referring to FIG. 1 and FIG. 2, a storage capacitor includes the pixel 
10 electrode 82 and the gate line 22. When storage capacitance of the storage capacitor 

is insufficient, an additional wiring for the storage capacitor may be formed on a 

layer identical to the gate wirings 22, 24 and 26. 

Also, the pixel electrode 82 is overlapped with the data line 62 to maximize 

an aperture ratio. Although the pixel electrode 82 is overlapped on the data line 62, 
15 parasite storage capacitance is low because of a low dielectric constant of the 

passivation layer. 

Hereinafter, referring to FIGS. 1 to 7, a method of manufacturing tiie TFT 
substrate for the LCD apparatus according to an exemplary embodiment of the 
present invention will be disclosed. 
20 Referring to FIG. 3, a chromium layer for first gate wiring layers 221, 241 

and 261 is formed on the insulation substrate 10. The chromium layer generally has 
good physical and chemical characteristics. An aluminum layer having a low 
specific resistance is then formed for forming second gate wiring layers 222, 242 
and 262. 

25 A photoresist film including novolak is formed on the second gate wiring 

layers 222, 242 and 262. The photoresist film is exposed using a photo mask. The 
exposed photoresist film is flien developed and dried to form a photoresist pattem. 
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The aluminiun layer is etched using the photoresist pattern as an etching mask to 
form the second gate wiring layers 222, 242 and 262. The photoresist pattem is 
removed using a stripping composition. Here, the stripping composition includes an 
acetic acid and an ozone gas contained in the acetic acid as a bubble form. 

5 Preferably, a concentration of the ozone gas included in the acetic acid is about 
80,000 to about 90,000ppm. The chronuum layer is etched to form the first gate 
wiring layers 221, 241 and 261. In this embodim^t, an O2 ashing process may be 
omitted. As a result, the gate wirings including the gate line 22, the gate electrode 26 
and the gate pad 24 are formed on the insulation substrate 10. The gate wirings 

10 extend in a horizontal direction relative to the insulation substrate 10. 

When a stripping composition includes ozone and ultra pure water, there is a 
problem that the aluminum layers may be dissolved by the stripping composition 
because of the high oxidation-reduction potential (ORP) of the aluminum. Although 
NH4OH may be advantageously added to overcome this problem, the aluminum 

15 layers are not dissolved by the stripping composition of the present invention since 
the stripping composition of the invention includes the ozone and the acetic acid. 

The stripping rate of the stripping composition containing the ozone and the 
ultra pure water is about O.lpm/min, whereas the stripping rate of the stripping 
composition of the invention is about 6|jm/min. That is, the stripping rate of the 

20 stripping composition of the invention is greatly superior to that of the stripping 
conq>osition including the ozone and the ultra pure water. 

Additionally, since the O2 ashing process can be omitted before etching tiie 
chromium layers using the stripping composition of the invention, a time for end 
point detection (EPD) can be reduced to about 30 seconds. However, when the 

25 conventional stripping composition such as SC2002 or SC2001 is employed for 
etching the chromium layers, tibie EDP is augmented to about 40 to about 60 seconds 
in comparison with the EPD obtained by employing the stripping composition of the 
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invention. Here, the SC2002 and the SC2001 are produced by Dongjin Semichem 
Ltd. in Korea, in which the SC2002 includes by about 9 weight percent of N-ethyl 
methyleamine, by about 39 weight percent of N-methyle pyrrolidone, by about 49 
weight percent of Butyl diglycol, and by about 3 weight percent of gallic acid while 
5 the SC2001 includes by about 10 weight percent of N-ethyl methylamine, by about 
40 weight percent of N-methyl pyrrolidone, and by about 50 weight percent of Butyl 
diglycol. 

Referring to FIG. 4, a gate insulation layer 30, a semiconductor layer and a 
doped amorphous silicon layer are successively formed. The gate insulation layer 30 

10 includes silicon nitride and the semiconductor layer has amorphous silicon. A 
photoresist pattern including novolak is formed on the doped amorphous silicon 
layer. The doped amorphous silicon layer is etched using the photoresist pattern as 
an etching mask to form a doped amorphous silicon layer pattem. 

After etching the doped amorphous silicon layer, the photoresist pattem is 

15 removed using a stripping composition including an acetic acid and a bubble formed 
ozone gas contained in the acetic acid without an O2 ashing process. Then, the 
semiconductor layer is etched to form a semiconductor layer pattem 40 of an island 
shape and ohmic contact layers 55 and 56 on the gate insulation layer 30 positioned 
on the gate electrode 26. 

20 Referring to FIG. 5, molybdemmi or molybdemmi-tungsten alloy is then 

deposited to stack data wiring layers 65, 66 and 68. The data wiring layers 65, 66 
and 68 are then etched to form a data wiring including a data line 62, a source 
electrode 65, a data pad 68 and a drain electrode 66. The data line 62 intersects the 
gate line 22. The source electrode 65 is connected to the data line 62, and the soxirce 

25 electrode 65 extends to an upper portion of the gate electrode 26. The data pad 68 is 
connected to one end portion of the data line 62. The drain electrode 66 is separated 
from the source electrode 65, and the drain electrode 66 is opposite to die source 
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electrode 65 by interposing the gate electrode 26 therebetween. 

The data wiring may include a single-layered structure or a double-layered 
structure* That is, the data wiring includes a molybdenum layer, a 
molybdenum-tungsten alloy layer or a molybdenum and molybdenum alloy layer. 
5 Here, the molybdenum-tungsten alloy layer preferably includes tungsten by a 
concentration of about 10 weight percent. 

A portion of an amorphous silicon pattern that is not masked by the data 
wirings 62, 65, 66 and 68 is then etched so that the amorphous silicon pattem is 
divided into two regions so that the semiconductor layer pattem 40 is exposed. The 

10 amorphous silicon pattem is doped with impurities. The semiconductor layer pattem 
40 is disposed between the divided amorphous silicon layers 55 and 56. Preferably, 
a surface of the exposed semiconductor layer 40 is then stabilized by oxygen plasma. 
Referring to FIG. 6, a passivation layer is then formed. 

A photoresist pattem including novolak is formed on the passivation layer 70. 

15 The gate insulation layer 30 and the passivation layer 70 are etched using the 
photoresist pattem as an etching mask. The photoresist pattem is then removed 
using a stripping composition to form contact holes 74, 76 and 78 without an O2 
ashing process. The stripping composition includes an acetic acid and an ozone gas 
included in the acetic acid as a bubble form. Preferably, a concentration of the ozone 

20 gas included in the acetic acid is about 80,000 to about 90,000ppm. The gate pad 24, 
the drain electrode 66 and the data pad 68 are exposed through the contact holes 74, 
76 and 78, respectively. The contact holes 74, 76 and 78 may have circular shapes or 
polygonal shapes. The dimensions of the contact holes 74 and 78 are below about 
2nmi X 60|Lun. The pads 24 and 68 are exposed tiurough the contact holes 74 and 78. 

25 Preferably, the dimensions of the contact holes 74 and 78 are above about 0.5nmi x 
15pm. 

Referring to FIGS. 1 to 2, ITO layer is then deposited. The deposited ITO 
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layer is then etched. Therefore, an auxiliary gate pad 86, an auxiliary data pad 88 
and a pixel electrode 82 are formed by means of a photolithography process. The 
pixel electrode 82, the auxiliary gate pad 86 and the auxiliary data pad 88 are 
connected to the drain electrode 66, the gate pad 24 and the data pad 68 through a 

5 first contact hole 76, a second contact hole 74 and a third contact hole 78. Preferably, 
nitrogen gas is used in a pre-heating process. The pre-heating may be performed 
before depositing the ITO. The nitrogen gas prevents formation of a metal oxide 
layer that may be formed on an upper portion of metal layers 24, 66 and 68 that are 
exposed through the contact holes 74, 76 and 78. 

10 Hereinafter, referring to FIGS. 7 to 9, a pixel of the TFT substrate for the 

LCD apparatus according to an exemplary raabodiment of the present invention 
using 4 masks will be disclosed. 

FIG. 7 is a plan view showing a TFT substrate for an LCD apparatus 
according to another exemplary embodiment of the present invention, and FIGS. 8 

15 and 9 are cross-sectional views taken along lines Vni-Vni' line and EX-IX' shown 
in FIG. 7, respectively. 

Referring to FIGS. 7 to 9, gate wirings are formed on an insxdation substrate 
10. The gate wirings have double-layered constructions, and the gate wirings include 
first gate wiring layers 221, 241 and 261 and second gate wiring layers 222, 242 and 

20 262, respectively. The first gate wiring layers 221, 241 and 261 include chromium, 
whereas the second gate wiring layers 222, 242 and 262 include aluminum. 

Each of the gate wirings includes a gate line 22, a gate pad 24 and a gate 
electrode 26 of a TFT. The gate line 22 extends in a horizontal direction with respect 
to the insulation substrate 10, and the gate pad 24 is coimected to the end portion of 

25 the gate line 22 in order to transmit a gate signal firom outside to the gate line 22. 
The gate electrode 26 is coimected to the gate line 22. 

A storage capacitor line 28 is formed on the substrate 10. The storage 
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capacitor liae 28 is disposed in parallel with respect to the gate line 22. The storage 
capacitor line 28 has a double-layered structure. A storage capacitor includes the 
storage capacitor line 28 and a conductive pattern 68 for the storage capacitor. The 
storage capacitor line 28 is overlapped with the conductive pattern 68 of the storage 
capacitor. The storage capacitor may increase the storage capacity of a pixel. When 
the storage capacitance may be sufficient according as the pixel electrode 22 is 
overlapped with the gate line 82, the storage capacitance line 28 may be omitted. A 
voltage applied to the storage capacitance line 28 may be substantially identical to a 
voltage applied to a common electrode. 

A gate insulating layer 30 is formed on the gate wirings 22, 24 and 26 and 
the storage line 28. The gate insulating layer 30 is formed over the gate wirings 22, 
24, 26 and 28. The gate insulating layer 30 may have silicon nitride SiNx. 

Semiconductor patterns 42 and 48 are formed on the gate insulating layer 30. 
The semiconductor pattems 42 and 48 have semiconductor mat^al such as 
hydrogenated amorphous silicon. Ohmic contact layer pattems or intermediate layer 
pattems 55, 56 and 58 are formed on the semiconductor pattems 42 and 48. The 
ohmic contact layer pattems and the intermediate layer pattems may have 
amorphous silicon. The amorphous silicon is doped with N type dopants such as P 
(phosphorus) by a high concentration. 

Data wiring layers 62, 64, 65, 66 and 68 are formed on the ohmic contact 
layer pattems 55, 56 and 58. The data wiring layers 62, 64, 65, 66 and 68 have 
molybdenum or molybdenum alloy. Data wirings include a data line assembly 62, 
68 and 65 and a conductive pattern 64 for a storage capacitor. The data line 
assembly 62, 68 and 65 have a data line 62, a data pad 68 and a source electrode 65 
of a TFT. The data line 62 extends in a longitudinal direction with respect to the 
substrate. The data pad 68 is coimected to one end portion" of the data line 62 and 
receives an exterior image signal. The source electrode 65 of the TFT is divided 
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from the data line 62. The conductive pattern 64 for the storage capacitor is 
separated from the data line assembly 62, 68 and 65, and the conductive pattern 64 
is formed on a drain electrode 66 of the TFT and the storage line 28. The drain 
electrode 66 is separated from the source electrode 65, and the drain electrode 66 is 

5 opposite to the source electrode 65 by interposing the gate electrode 26 
therebetween. When the storage line 28 is omitted, tiie conductive pattem 64 for the 
storage capacitor is also omitted. 

The ohmic contact layer pattems 55, 56 and 58 decrease a contact resistance 
between the semiconductor pattems 42 and 48 and the data wirings 62, 64, 65, 66 

10 and 68. The ohmic contact layer pattems 55, 56 and 58 have shapes substantially 
identical to the data wiring 62, 64, 65, 66 and 68. The semiconductor pattems 42 
and 48 are formed under the ohmic contact layer pattems 55, 56 and 58. The data 
wirings 62, 64, 65, 66 and 68 are formed on the ohmic contact layer pattems 55, 56 
and 58. A middle layer patt^ of the data lime assembly has a shape substantially 

15 identical to the data line assembly 62, 65 and 68, and a middle layer pattem of the 
drain electrode has a shape substantially identical to the drain electrode 66. A 
middle layer pattem of the storage capacitor has a shape substanti2illy identical to the 
conductive pattem of the storage capacitor. 

The semiconductor pattem 42 and 48 have shapes substantially identical to 

20 the data wirings 62, 64, 65, 66 and 68 and the ohmic contact pattems 55, 56 and 68 
except a channel region of the TFT. Particularly, the semiconductor pattem of the 
storage capacitor has a shape substantially identical to the conductive pattem of the 
storage capacitor, and the conductive pattem of the storage capacitor has a shape 
substantially identical to the contact layer pattem of the storage capacitor. However, 

25 the semiconductor pattem of the TFT is different from the data wirings or the 
contact layer pattem. That is, the source electrode 65 of the data line assembly and 
ihe drain electrode 66 of the data line assembly are separated from each other in the 
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channel region of the TFT. Also, the intermediate layer 55 of the data line assembly 
and the contact layer pattem 56 for the drain electrode are separated from each other. 
However, the semiconductor pattem 42 for the TFT is connected to form the 
channel of the TFT. A passivation layer 70 is formed on the data wirings 62, 64, 65, 
5 66 and 68. 

The passivation layer 70 has contact holes 76, 78 and 72 and another contact 
hole 74. The drain electrode 66, the data pad 64 and the conductive pattem 68 for 
the storage capacitor are exposed through the contact holes 76, 78 and 72. The gate 
pad 24 and the gate insulating layer 30 are exposed through another contact hole 74. 

10 A pixel electrode 82 is formed on the passivation layer. The pixel electrode 

82 receives an image signal from the TFT to form electric field with a common 
electrode. The pixel electrode 82 has transparent conductive material such as ITO. 
The pixel electrode 82 is electrically connected to the drain electrode 66 through the 
contact hole 76 to receive the image signal. The pixel electrode 82 is overlapped 

15 with the gate Ime 22 and the data line 62 to increase aperture ratio. The gate line 22 
and the data line 62 are adjacent to the pixel electrode 82. The pixel electrode 82 
may not be overlapped with the gate line 22 or the data line 62. The pixel electrode 
82 is connected to the conductive pattem for the storage capacitor through the 
contact hole 72 to transnodt the image signal to the conductive pattem 64. An 

20 auxiliary gate pad 86 and an auxiliary data pad 88 are connected to the gate pad 24 
and the data pad 68 through the contact holes 74 and 78, respectively. The auxiliary 
gate pad 86 and the auxiliary data pad 88 increase a cohesive strength between the 
pads 24 and 68 and external circuit apparatus. The auxiliary gate pad 86 and Ihe 
auxiliary data pad 88 also protect the pads 24 and 68, respectively. However, the 

25 auxiliary gate pad 86 and the auxiliary data pad 88 may be omitted. 

Heremafter, referring to FIGS. 8 to 17B, a method of manufacturing the TFT 
substrate for the LCD apparatus according to an exemplary embodiment of the 
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present invention using 4 masks will be disclosed. 

Referring to FIGS. lOA and lOB, first gate wiring layers 221, 241, 261 and 
281 are formed on an insulation substrate 10. The first gate wiring layers 221, 241, 

261 and 281 include chrondmn having good physical and chemical characteristics. 
5 Second gate wiring layers 222, 242, 262 and 282 are formed on the first gate wiring 

layers 221, 241, 261 and 281, respectively. The second gate wiring layers 222, 242, 

262 and 282 include aluminum having a low specific resistance. 

After a photoresist pattern (not shown) including novolak is formed on the 
second gate wiring layers 222, 242, 262 and 282, the second gate wiring layers 222, 

10 242, 262 and 282 are etched using the photoresist pattem as an etching mask. After 
etching the second gate wmng layers 222, 242, 262 and 282, the photoresist pattem 
is removed using a stripping composition that includes an acetic acid and a bubble 
shaped ozone gas contained in the acetic acid. Then, the first gate wiring layers 221, 
241, 261 and 281 are etched to form gate wirings and a storage capacitor line 28. 

15 Here, the gate wirings include a gate line 22, gate pad 24 and a gate electrode 26. 

Referring to FIGS. 1 1 A and 1 IB, a gate insulating layer 30 is then formed. A 
semiconductor layer 40 is formed on the gate insulating layer 30. An intermediate 
layer 50 is formed on the semiconductor layer 40. The gate insulating layer 30, the 
semiconductor layer 40 and the intermediate layer 50 are formed by a chemical 

20 vapor deposition. A thickness of the gate insulating layer 30 is firom about 1,500A to 
about 5,000 A, a thickness of the semiconductor layer 40 is firom about 500A to 
about 2,000 A, and a thickness of the intermediate layer 50 is firom about 300A to 
about 600 A. 

The gate insulating layer 30, the semiconductor layer 40 and the 
25 intermediate layer 50 include silicon nitride. MoW is deposited on the intermediate 
layer 50 by sputtering to form a conductive layer 60. A photoresist film 110 is then 
formed on the conductive layer 60. The thickness of the photoresist film 1 10 is firom 
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about 1 |xm to about 2 ^im. 

Referring to FIGS. 12A and 12B, photoresist film patterns 112 and 114 are 
then formed by means of an exposure process and a developing process. The 
exposure process is performed using a mask. A thickness of a first region 1 14 of the 

5 photoresist film patterns 1 12 and 1 14 are thinner than a thickness of a second region 
1 12 of the photoresist film patterns 1 12 and 1 14. The first region 1 14 is disposed on 
a channel region *C' of a TFT. The channel region of the TFT is disposed between 
the source electrode 65 and the drain electrode 66. The second region is disposed on 
a data wiring assembly 'A' on which data wirings 62, 64, 65, 66 and 68 will be 

10 formed. A photoresist film disposed on the remaining region 'B' is removed. The 
remaining region 'B' is different from the first region 1 14 and the second region 1 12. 
A ratio of the remainiug thickness of the photoresist film of the first region 1 14 to 
tihe second region 112 varies corresponding to a condition of an etching process. 
Preferably, the ratio of ihe first region 1 14 to the second region 1 12 is no more than 

15 about a half The remaining thickness of the photoresist fihn of the first region 1 14 
may be no more ihan about 4,000 A. 

The thickness of the photoresist fihn may be determiaed by means of a 
control of a light intensity of the first region 114, The light intensity may be 
controlled by means of a pattem having a slit, a pattem having a lattice shape or a 

20 translucent fihn. 

Preferably, an interval between lines of the pattem, or an interval betwem 
the patterns that is an interval between the sUts is smaller than a resolution of 
exposure apparatus. When a translucent film is used, transmittance of a mask may 
be determined by a transmittance and a thickness of the translucent film. 

25 When the photoresist film is exposed through the mask, polymers at a 

portion of the photoresist fihn directly exposed by the light are fully decomposed, 
polymers at a portion of the photoresist film on which the translucent film is 
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disposed are partially decomposed, and polymers at a masked portion of the 
photoresist film are not decomposed. 

When the photoresist film is developed, a portion in which high polymers 
are not decomposed remains. Therefore, a thickness of photoresist film in partially 
5 exposed portion is thinner than a thickness of photoresist film in une7q)0sed portion. 
When exposing time is too long, all the high polymers are decomposed. Therefore, 
the exposing time needs to be controlled so that all the high polymers are not 
decomposed. 

A reflowable material may be used to form a thin photoresist film 1 14. The 

10 thin photoresist film 114 may be formed by means of an exposure process, 
developing process and reflowing process, thereby reflowing an unexposed portion 
of the photoresist film into an exposed portion of the photoresist film. The exposure 
process is performed using a conventional mask. The mask has a region through 
which a light passes, and another region through which a light does not pass. 

15 The photoresist film pattem 114 and the layers disposed under the 

photoresist film pattem 114 are then etched. The layers disposed under the 
photoresist film pattem 114 have the conductive layer 60, an intermediate layer 50 
and the semiconductor layer 40. The data wirings and the layers disposed under the 
data wirings remain in the data wiring region *A', The semiconductor layer renniains 

20 in the channel region *C'. A conductive layer, an intermediate layer and a 
semiconductor layer in the remaining region *B* are rraioved so that the gate 
insulating layer 30 is e5q)osed. The remaining region *B' is different from the data 
wiring region * A' or the channel region *C\ 

Referring to FIGS. 13A and 13B, the exposed conductive layer 60 of the 

25 remaining region 'A' is then removed to expose the intermediate layer 50. The 
exposed conductive layer 60 is disposed on the intermediate layer 50. A dry etching 
or a wet etching may be used. PrefCTably, the conductive layer 60 is etched under a 
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condition that the photoresist film patterns 1 12 and 1 14 are substantially not etched 
However, in dry etching, the conductive layer 60 may not be etched without etching 
the photoresist film patterns 112 and 114 so that the conductive layer 60 is etched 
with the photoresist film pattems 112 and 114, A thickness of a first region 114 in 
5 dry etching is thicker than a thickness of a first region 114 in wet etching so that the 
conductive layer 60 is not exposed by means of etching the first region in dry 
etching. 

The conductive layer of the channel region and the conductive layer of 
the data wiring region remain, but the conductive layer 60 in the remaining 

10 region 'B' is removed, thereby exposing the intermediate layer 50. The conductive 
layers of the channel region and the data wiring region include the 
conductive patten 67 for source/drain, and the conductive pattem 68 for the storage 
capacitor. The remaining conductive pattems 67 and 64 have shapes substantially 
identical to the data wirings 62, 64, 65, 66 and 68 except the source electrode 65 and 

15 the drain electrode 66. The source electrode 65 and the drain electrode 66 are 
coimected in the remaining conductive pattems. When the dry etching is performed, 
the photoresist film pattems 112 and 1 14 are also etched. 

Referring to FIGS. 14A and 14B, the exposed intermediate layer 50 in the 
remaining region *B', the exposed semiconductor layer 40 in the remaiaing region 

20 'B' and a first region of the photoresist film are then removed by means of a dry 
etching. The semiconductor region 40 is disposed under the intermediate layer. 
During the etching, the gate insulating layer 30 is substantially not etched. An 
etching rate of the semiconductor layer 40 is substantially identical to an etching rate 
of the intermediate layer 50. Preferably, an etching rate of the photoresist pattems 

25 1 12 and 114 is substantially identical to the etching rate of the semiconductor layer 
40. For example, a mixed gas of SFe and HCl or a mixed gas of SFg and O2 may be 
used. When the etching rate of the photoresist film pattems 112 and 114 is 
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substantially identical to the etching rate of the semiconductor layer 40, a thickness 
of the first region 114 is no less than a summation of a thickness of the 
semiconductor layer 40 and a thickness of the intermediate layer 50. 

A &st region of the channel region is removed to expose the conductive 
pattern for source/drain, and an intermediate region 50 in the remaining region 'B' 
and a semiconductor region 40 in the renoiaining region *B' are removed so that the 
gate insulating layer 30 is exposed. A second region 1 12 of the data wiring assembly 
* A' is etched to decrease a thickness of the second region 1 12 of the data wiring 
assembly 'A'. Therefore, senMConductor patterns 42 and 48 are formed. An 
intermediate layer pattem under the conductive pattem of source/draia and an 
intermediate layer pattem under the conductive patten of a storage capacitor are 
represented by reference numerals 57 and 58, respectively. 

A remaining photoresist film on a surface of the conductive pattem of 
source/drain in the channel region 'C is then removed by ashing process. 

Referring to FIGS. 15 A and 15B, a conductive pattem for source/drain in the 
chaimel region and an intermediate pattem for source/drain in the channel region 
'C* are etched, thereby being removed. The intermediate pattem of the source/drain 
is disposed under the conductive pattem for the source/drain in the chaimel region 

The conductive pattem for the source/drain and the intermediate pattem may 
be dry etched. Preferably, etching selectivity between the conductive pattem for the 
source/drain and the intermediate pattem is big in the dry etching, because the end 
point detection of the dry etching is difficult in case the etching selectivity is small. 
Therefore, when etching selectivity is not big, a control of a thickness of the 
semiconductor pattem remaining in the channel region *C* is not easy. 

A dry etching may also be performed with wet etching. The conductive 
pattem for the source/drain may be wet etched, and the intermediate pattem 57 may 
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be dry etched. When the dry etching is performed with the wet etching, a sidewall of 
the conductive pattern for the source/drain is wet etched, and the intermediate layer 
pattern 57 is substantially not etched, so that a stepwise shape is formed. A mixed 
gas of SF4 and HCl, or a mixed gas of CF4 and O2 may be used to etch the 

5 intermediate layer pattern 57 and the semiconductor pattern 42. A semiconductor 
pattem having a imiform thickness may be formed by means of a mixed gas of CF4 
and 02- Referring to FIG. 16B, a portion of the semiconductor pattem 42 may be 
removed to decrease a thickness of the semiconductor pattem, and a second region 
1 12 of the photoresist film pattem may be etched to decrease a thickness of the 

10 second region 112 of the photoresist film pattem. Preferably, the gate insulating 
layer 30 is not etched, and a thickness of the photoresist film pattem is thick enough 
so that the second region 1 12 is not etched so that tibie data wirings 62, 64, 65, 66 and 
68 are coated by the photoresist film pattem. 

Therefore, tiiie source electrode 65 and flie drain electrode 66 are separated to 

15 form the data wirings 62, 64, 65, 66 and 68 and the contact layer patterns 55, 56 and 
58. The data wirings 62, 64, 65, 66 and 68 are disposed on the contact layer patterns 
55, 56 and 58. 

A second region of the photoresist film remaining on the data wiring 
assembly 'A' is then removed. However, the second region may be removed before 
20 the conductive pattem 67 of the source/drain in the channel region is removed. 
The second region is removed after the intermediate layer pattem 57 under the 
conductive pattem 56 is removed. 

As mentioned above, a dry etching may be performed solely, or a wet 
etching may be performed with a dry etching. When the dry etching is performed 
25 solely, manufacturing process is simple but etching condition is incontrollable. 
However, when the wet etching is performed with the dry etching, manufacturing 
process is conoplex, but etching condition is controllable. 
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Referring to FIGS. 16A and 16B, a passivation layer 70 is then formed. 
Referring to FIGS. 17A and 17B, the passivation layer 70 and the gate 
insulating layer 30 are etched to form contact holes 76, 74, 78 and 72 through which 
the drain electrode 66, the gate pad 24, the data pad 68 and the conductive pattern of 
5 a storage capacitor 64 are exposed, respectively. The etching process is performed 
by means of a lithography process. Dimensions of contact holes 74 and 78 are no 
more than about 2mm x 60|rai. The pads 24 and 68 are exposed through the contact 
holes 74 and 78. Preferably dimensions of the contact holes 74 and 78 are no less 
than about 0.5mm x IS^tm. 

10 Referring to FIGS. 8 to 10, ITO layer is then deposited to a thickness from 

about 400A to about 500 A. The ITO layer is then patterned. Therefore, a pixel 
electrode 82, an auxiliary gate pad 86 and an auxiliary data pad 88 are formed by 
means of a photolithography process. The pixel electrode 82 is connected to the 
drain electrode 66 and the conductive pattern of the storage capacitor, and the 

15 auxiliary gate pad 86 is connected to the gate pad 24. The auxiliary data pad 88 is 
coimected to the data pad 68. 

Preferably, nitrogen gas is used in a pre-heating process. The pre-heating is 
performed before flie ITO is deposited. The nitrogen gas prevents a formation of a 
metal oxide layer. The metal oxide layer may be formed on an upper portion of 

20 metal layers 24, 64, 66 and 68 that are exposed through the contact holes 72, 74, 76 
and 78. 

According to another exemplary embodiment of the present invention, the 
data wirings 62, 64, 65, 66 and 68, the contact layer pattems 55, 56 and 68 and the 
semiconductor pattems 42 and 48 are formed usiug one mask, and source electrode 
25 is separated from the drain electrode, thereby simplifying manufacturing process. 

A method according the exemplary embodiments of the present invention 
may also be applied to an AOC (Array On Color Filter) structure. In the AOC 
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Structure, TFT array is formed on color filters. 

FIG. 18 is a plan view illustrating a TFT substrate according to one 
embodiment of the present invention, and FIG. 19 is a cross-sectional view taken the 
line of XDC-XIX' in FIG. 18. In FIG. 19, there are illustrate the TFT substrate 
corresponding to a lower substrate and an upp^ substrate opposed to the lower 
substrate. 

Referring to FIGS. 18 and 19, data wirings 120, 121 and 124 are formed on a 
lower insulation substrate 100. The data wirings 120, 121 and 124 include 
molybdenum or molybdenum-tungsten alloy. 

The data wirings 120, 121 and 124 include a data line 120, a data pad 124 
and a light barrier layer 121. The data line 120 extends in a horizontal direction with 
respect to the lower insulation substrate 100. The data pad 124 is comiected to the 
end portion of the data line 120 to transmit an image signal to the data line 120 after 
receiving the image signal from outside. The light barrier layer 121 is divided from 
the data line 120 to block a light incident from tiie bottom of the lower insulation 
substrate 100 into a semiconductor layer 170. The light barrier layer 121 serves a 
black matrix that blocks the leakage of the light. Altematively, the light barrier layer 
121 may be separated from the data line 120. In one CTabodiment of the invention^ 
the data wirings 120, 121 and 124 preferably include molybdenum-tungsten alloy 
having a low specific resistance because pixel wirings 410 and 412 the auxiliary 
pads 413 and 414 will be formed using indiimi zinc oxide (IZO). 

A red (R) color filter, a blue (B) color filter and green (G) color filter 
are formed on the lower insulating substrate 100. Peripheral portions of the color 
filters 131, 132 and 133 are overlapped with a peripheral portion of the data wirings 
120 and 121. The color filters 131, 132 and 133 may be formed over a data line 120. 

A buffer layer 140 is formed on the data wirings 120, 121 and 124 and the 
color filters 131, 132 and 133. The buffer layer 140 prevents the color filters 131, 
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132 and 133 from outgassing, and the buffer layer 140 also prevents the color filters 
131, 132 and 133 from being damaged by heat or plasma energy in subsequent 
processes. Because the buffer layer 140 separates the data wirings 120, 121 and 124 
from the TFT array, lower dielectric constant and thicker tidckness are preferable so 
5 as to decrease a parasite capacitance. 

Gate wirings having a double layered structure are formed on the buffer 
layer 140. The double layered structure has ia lower layer 501 and an upper layer 502. 
The lower layer 501 has a material such as aluminum and aluminum alloy, and the 
upper layer 502 has a material such as molybdenum and molybdenum alloy. 

10 The gate wirings include a gate line 150, a gate pad 152 and a gate electrode 

151 of a TFT. The gate line 150 extends laterally to intersect the data line 120, 
thereby defining a pixel. The gate pad 152 is connected to an end portion of the gate 
line 150 and receives an image signal from outside to transmit the image signal to 
the gate line 150. The gate line 150 has the gate electrode 151 of TFT. 

15 The gate line 150 is overlapped with a pixel electrode 410 to form a storage 

capacitor that improves storage capacitance of the pixel. When the storage 
capacitance formed by overlap of the gate line 150 and the pixel electrode 410 is not 
enough, a common electrode for a storage capacitor may be formed. 

Preferably, when gate wirings are formed in a multi-layered structure, one 

20 layer has low resistance and another layer has high adhesiveness. A double layered 
structure may have Al (or aluminum alloy) and MoW. 

A gate insulating layer 160 deposited at a low temperature is formed on the 
gate wirings 150, 151 and 152 and the buffer layer 140. The gate insulating layer 
160 deposited at low temperature may have an organic insulating layer, an 

25 amorphous silicon oxide layer formed at a low temperature or an amorphous silicon 
nitride layer formed at a low temperature. Color filters are formed on the lower 
substrate of a TFT structure according to another exemplary embodiments of the 
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present invention. A gate insulating layer is not deposited at a high temperature, 
but a gate insulating layer is deposited at a low temperature such as a temperature 
not more than or equal to about 250°C. 

A semiconductor layer 171 of a double layered structure is formed on the 

5 gate insulating layer 160 of the gate electrode 151. The semiconductor layer 171 of 
the double layered structure has an island shape. A Iowot semiconductor layer 701 
of the semiconductor layer 171 includes amorphous silicon having a higih band gap 
energy, and an upper semiconductor layer 702 of the semiconductor layer 171 
includes amorphous silicon having a lower band gap energy than tihie band gap 

10 energy of the lower semiconductor layer 701. For example, a band gap energy of the 
lower semiconductor layer 701 may be from about 1.9 e V to about 2.1 eV, and a 
band gap energy of the upper semiconductor layer 702 may be from about 1.7 eV to 
about 1.8 eV. A tiiickness of the lower semiconductor layer 701 may be from about 
50 A to about 200A, and a thickness of the upper semiconductor layer 702 may be 

15 from about 1 ,000 A to about 2,000 A. 

A band gap energy offset is formed between the upper semiconductor layer 
702 and the lower semiconductor layer 701. The lower semiconductor layer 701 has 
different band gap from the upper semiconductor layer 702. The band gap energy 
offset is substantially identical to a difference of the band gap energy. When the 

20 TFT is tumed-on, a chaimel is formed in a band ofiEset region disposed between the 
lower semiconductor layer 701 and the upper semiconductor layer 702. Atondc 
structures of the band offset region are substantially identical to each other so that 
the band offset region has fewer defects. Therefore, characteristics of a TFT are 
improved. The semiconductor layer 171 may have a mono layered structure. 

25 Ohmic contact layers 182 and 183 are formed on the semiconductor layer 

171. The olunic contact layers 182 and 183 have n+ amorphous silicon, n+ 
microcrystalline silicon or an n+ metal silicide doped with impurities by a high 
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concentration, and the ohmic contact layers 182 and 183 are separated from each 
other. 

Pixel wirings 410, 41 1 and 412 are formed on the ohmic contact layers. The 
pixel wirings 410, 411 and 412 have a source electrode 412, a drain electrode 411 
5 and a pixel electrode 410. The source electrode 412 is connected to a data line 120 
through a contact hole 161 that is formed in a gate insulating layer 160 and a buffer 
layer 140. The drain electrode 411 is connected to the pixel electrode 410, and 
transmits an image signal from the TFT to the pixel electrode. The pixel wirings 410, 
411 and 412 have indium tin oxide (ITO). The ITO is a transparent conductive 
10 material. 

An auxiliary gate pad 413 and an auxiliary data pad 414 are connected to the 
gate pad 152 and Ifae data pad 124 through contact holes 162 and 164, respectively. 
The auxiliary gate pad 413 and the auxiliary data pad 414 are formed as a layer 
substantially identical to the pixel wirings 410, 411 and 412. The auxiliary gate pad 

15 413 makes direct contact with a molybdenum- tungsten alloy layer, and the auxiliary 
data pad 414 makes direct contact with a copper alloy layer. The 
molybdenum-tungsten alloy layer is an upper layer 502 of the gate pad 152, and the 
copper alloy layer is an upper layer 202 of the data pad 124, The pixel electrode 410 
is overlapped with a gate line 150 adjacent to the pixel electrode 410 and a data line 

20 120 adjacent to the pixel electrode 410, thereby increasing the aperture ratio. The 
pixel electrode 410 may not be overlapped with the gate line 150 or the data line 
120. 

A passivation layer 190 is formed on the source electrode 412 and a drain 
electrode 411, and a photoresist color organic layer 430 is formed on the passivation 
25 layer 190. The passivation layer 190 protects the TFT. The photoresist color organic 
layer 430 has a deep color and a good light absorbance. The color organic layer 430 
masks a ligjbt incident into the semiconductor layer 171 of the TFT, and the color 



34 



wo 2004/053970 




PCT/KR2003/002660 



organic layer 430 controls a height of the color organic layer 430. Therefore, the 
color organic layer 430 maintains an interval between the lower insulating substrate 
100 and an upper insulating layer facing the lower insulating substrate 100. That is, 
the color organic layer 430 is used as a spacer. The passivation layer 190 and the 
5 organic layer 430 may be formed along the gate line and the data line 120, 
respectively. The organic layer 430 may also mask a light that is leaked adjacent to 
the gate wirings and the data wirings. 

The upper substrate 200 has ITO or IZO, and a common electrode 210 is 
formed over the upper substrate 200. The common electrode 210 generates an 
10 electric field with the pixel electrode 410. 

Hereinafter, referring to FIGS. 19 to 28, a method of manufacturing the TFT 
substrate according another exemplary embodiment of the present invention will be 
disclosed. 

Referring to FIG. 20, a conductive material having a good adhesion property, 
15 for example, ITO is deposited on a lower msulation substrate 100. The conductive 
material is deposited via a sputtering process. The conductive material is etched 
using a dry etching process or a wet etching process. Thus, data wirings are formed 
on the lower insulation substrate 100. The data wirings include a data line 120, a 
data pad 124 and a li^t barrio layer 121. 
20 Referring to FIG. 21, photoresist materials including a red (R) colorant, a 

green (G) colorant and a blue (B) colorant are then coated successively and 
patterned. Therefore, an R color filter 131, a G color filter 132 and a B color filter 
133 are formed by means of a photo process using masks, successively. 

Then, three masks are used to form the R color filter 131, the G color filter 
25 132 and the B color filter 133. However, one mask may be used to form the R color 
filter 131, the G color filter 132 and the B color filter 133, thereby reducing cost A 
laser photo process or a printing method may also be used without a mask, thereby 
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minimizing cost. Preferably, peripheral portions of the color filters 131, 132 and 133 
are overlapped with a peripheral portion of the data line 120. 

As shown in FIG. 21, a buffer layer 140 is formed on the lower insulation 
substrate 100. Conductive layers including Cr and Al are successively formed on the 
5 buffer layer 140, and a photoresist pattern (not shown) including novolak is formed 
on the conductive layers. After the Al layer is patterned using the photoresist pattern 
as an etching mask, tiie photoresist pattem is removed using a stripping composition 
acetic acid and ozone gas contained in the acetic acid as bubble shapes. The Cr layer 
is pattemed to form the gate wirings including the gate line 150, the gate electrode 

10 151 and the gate pad 152 on the buffer layer 140. Here, the gate wirings may include 
one layer of a Cr layer or an Al layer. 

Referring to FIG. 23, a gate insulating layer 160 deposited at a low 
temperature, a jBxst amorphous silicon layer 701, a second amorphous siUcon layer 
702 and a doped amorphous silicon layer 180 are then deposited successively on the 

15 gate wirings 150, 15 1 and 152 and the buffer layer 140. 

The gate insulating layer 160 has an organic insulating layer, an amorphous 
silicon oxide layer deposited at a low temperature and an amorphous silicon nitride 
layer deposited at a low temperature. The gate insulating layer 160 may be deposited 
at a low temperature such as a temperature no more than about 250°C. 

20 The first amorphous silicon layer 701 includes an amorphous silicon having 

a band gap energy of firom about 1.9 eV to about 2. 1 eV, and the second amorphous 
silicon layer 702 includes an amorphous silicon having a band gap energy of firom 
about 1.7 eV to about 1.8 eV. The first amorphous silicon layer 701 is deposited by 
means of a chemical vapor deposition (CVD) using a SiBU gas that has CH4 gas, 

25 C2H2 gas or C2H6 gas of predetermined amount. The SiBU is used to form an 
amorphous silicon. For example, the SiH4 gas and CH4 gas are applied to the CVD 
in a ratio of 1 to 9, thereby depositing an amorphous silicon layer including carbon 
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at a concentration of about 50at% and a band gap energy of from about 2.0 eV to 
about 2.3 eV. The band gap energy of an amorphous silicon layer is dependent on a 
condition of deposition process, and the band gap energy may be between about 1.7 
eV and about 2.5 eV corresponding to an amount of a carbon compound. 
5 The gate insulating layer 160 deposited at a low temperature, the first 

amorphous silicon layer 701, the second amorphous silicon layer 702 and the doped 
amorphous silicon layer 180 may be deposited successively in situ by means of the 
CVD. 

Referring to FIG. 24, the first amorphous silicon layer 701, the second 

10 amorphous silicon layer 702 and tihie doped amorphous silicon layer 180 are 
patterned. Therefore, a semiconductor layer 171 of an island shape, an ohmic 
contact layer 181 and contact holes 161, 162 and 164 are formed by means of a 
photolithography process using a mask. The contact holes 161, 162 and 164 are 
disposed on the gate insulating layer 160 deposited at a low temperature and the 

15 organic insulating layer 140. The data line 120, the gate pad 152 and the data pad 
124 are exposed through the contact holes 161, 162 and 164, respectively. 

A first amorphous silicon layer 701, a second amorphous silicon layer 702 
and a doped amorphous silicon layer 180 are then removed except a portion of the 
layers 701, 702 and 180 disposed on the gate electrode 151. A portion of the layers 

20 701, 702 and 180 on the gate pad 152 and a portion of the gate insulating layer 160 
on the gate pad 152 are removed. A portion of the layers 701, 702, 180 and 160 on 
the data line 120 and the data pad 124 are removed. A portion of the organic 
insulating layer 140 on the data line 120 and the data pad 124 are also removed. 

In order to perform a photolithography process using only one mask, a 

25 photoresist film pattem having portions of different thickness is used as an etching 
mask. 

Referring to FIG. 25, a photoresist film is coated on an upper portion of the 
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doped amorphous silicon layer 180. The thickness of the photoresist film is between 

about 1 |xm and about 2 [jun. Photoresist film patterns 312 and 3 14 are then formed 

by means of a photo process. The photo process has an exposure process using a 

mask and a developing process. 
5 A first region 312 is thicker than a second region 314. A portion of the 

photoresist film disposed on the data line 120, the data pad 124 and the gate pad 152 

are removed. The first region 312 is disposed on the gate electrode 151. Preferably, 

the ratio of the first region 3 12 to the second region 3 14 is no more than about a half. 

The remaining thickness of the photoresist film of the first region 312 may be no 
10 more than about 4,000 A. 

Various methods may be used to form a photoresist film pattern having 

portions of different thickness. Hereinafter, a positive photoresist film is used. 

When the photoresist film is exposed through the mask, polym^s at a 

portion of the photoresist film directly exposed by the light are fiilly decomposed, 
15 polymers at a portion of the photoresist film, on which the translucent film is 

disposed, are partially decomposed, and polymers at a masked portion of the 

photoresist film are not decomposed. 

When the photoresist film is developed, a portion in which high polymers 

are not decomposed remains. Therefore, a Ihickness of photoresist film in partially 
20 exposed portion is thinner than a thickness of photoresist film in xmexposed portion. 

When e?q>osing time is too long, all the hi^ polymers are decomposed. Therefore, 

controlling the exposing time is required so that all the high polymers are not 

decomposed. 

When the photoresist film is developed, polymers in the first region 312 
25 remain, polymers in the second region 314 are partially removed so that a tiiickness 
of the second region 314 is thinner than a thickness of the first region 312, and 
polymers in the region *C' are fully removed. The second region 314 is partially 
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exposed by the light Therefore, a photoresist fihn pattern having portions of 
different thickness is formed. 

Referring to FIG. 26, the doped amorphous silicon layer 180, the second 
amorphous silicon layer 702, the fibrst amorphous silicon layer 701 and the gate 

5 insulating layer 160 deposited at a low temperature are then dry etched to form a 
contact hole 162 exposing the gate pad 152 and to eiqpose the buffer layer 140 of the 
region *C*. The buffer layer 140 of the region 'C is dry etched to form contact holes 
161 and 164, through which the data line 120 and the data pad 124 are exposed. The 
dry etching is performed by means of the photoresist film patterns 312 and 3 14 as an 

10 etching mask. 

The second region 314 of the photoresist film is then fully removed by 
means of an ashing process using oxygen. 

Therefore, the second region 314 of the photoresist film pattern is removed, 
the doped amorphous silicon layer 180 is exposed, and a thickness of the first region 

15 3 12 of the photoresist pattern decreases to be substantially identical to a thickness of 
the second region 3 14 of the photoresist pattern. 

The doped amorphous silicon layer 180, the first amorphous silicon layer 
701 and the second amorphous silicon layer 702 are then etched by means of the 
first region 3 12 of a remaining photoresist pattern as an etching mask. Therefore, the 

20 doped amorphous silicon layer 180, the first amorphous silicon layer 701 and the 
second amorphous silicon layer 702 are removed, and the semiconductor layer 171 
and the ohmic contact layer 181 remain. The semiconductor layer 171 having an 
island shape is formed on the gate insulating layer 160 under which the gate 
electrode is formed. The gate insulating layer 160 is disposed on the gate electrode 

25 151. 

The first region 3 12 of the remaining photoresist pattern is then removed. Aa 
ashing process using oxygen may be used to remove the first region 312 of the 
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remaining photoresist pattern. 

Referring to FIG. 27, an ITO layer is then deposited and patterned. Therefore, 
a pixel electrode 410, a source electrode 412, a drain electrode 41 1, an auxiliary gate 
pad 413 and an auxiliary data pad 414 are formed by means of a photolithography 

5 process using a mask. 

The ohmic contact layer 181 is etched by means of the source electrode 412 
and the drain electrode 411 as an etching mask, thereby forming an ohmic contact 
layer pattem and exposing the semiconductor layer 171. The ohmic contact layer 
181 is disposed between the source electrode 412 and the drain electrode 411. The 

10 ohmic contact layer patterns 182 and 183 have a JBrst region 182 and a second region 
183 that is separated from the first region 182. The semiconductor layer 171 is 
disposed between the source electrode 412 and the drain electrode 41 1. 

Referring to FIGS. 18 and 19, a first insulating layer such as silicon nitride 
or oxygen nitride and a second insulating layer such as a photoresist organic 

15 material including a black colorant are deposited on the lower insulating substrate 
100 successively, and a color organic layer 430 is formed by means of a photo 
process using a mask. The photo process has an exposure process and a developing 
process. The first insulating material and the second insulating material are etched 
by means of the color organic layer 430 as an etching mask to form a passivation 

20 layer 190. The color organic layer 430 naay mask a light incident into a TFT. The 
black matrix 121 masks the leaked light, and the black matrix 121 may be separated 
from the data line 120 to form a discoimected wiring. The black matrix 121 has a 
function substantially identical to a black matrix that masks the leaked light. The 
black matrix 121 may also be formed on the gate wirings or the data wirings to mask 

25 a light that is leaked adjacent to the gate wirings and the data wirings. The black 
matrix 121 may also be used as a spacer by means of a height control of the organic 
layer 430. 
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A transparent conductive material such as ITO or IZO is stacked on the 
upper insulating substrate 200 to form a common electrode 210. 

When a conventional stripping process is performed on a photoresist pattern 
formed on a substrate having a large size, the photoresist pattern may not be 

5 completely removed using the conventional stripping process. The stripping process 
using the stripping apparatus is irreversible and the speed of the stripping process is 
controlled by the reaction rate. 

Referring to FIG. 28, in step SI, a substrate is loaded into a stripping 
apparatus. In step S2, a stripping composition wets the substrate in a slow canying 

10 area to strip a photoresist pattem on the substrate. The stripping composition 
includes acetic acid and ozone gas. Preferably, a concentration of the ozone gas 
included in the acetic acid is about 80,000 to about 90,000ppm. After the stripping 
process is completed, the substrate is rinsed using distilled water to remove the 
photoresist pattem in step S3. After the substrate is dried in step S4, the substrate is 

15 unloaded from the stripping apparatus in step S5. The steps SI to SS take a time of 
about 55 seconds. The slow carrying area is divided into three regions in accordance 
with the carrying speed of the substrate. The substrate is carried in a &st region by a 
carrying speed of about 6m/minute, and then is carried in a second region by a 
carrying speed of about 0.8in/minute. In addition, the substrate is carried in a third 

20 region by a carrying speed of about 6m/min. This stripping process may be 
preferably employed for a substrate having dimensions of about 300 x 400mm. 
However, when the stripping process is performed on a large substrate having 
dimensions of above about 550 x 650nMn, the first half portion of the substrate is 
sufficiently immersed with the stripping composition including acetic acid and 

25 ozone gas whereas the second half portion of the substrate may not be immersed 
with the stripping composition. Thus, the photoresist pattem on the second half 
portion may not be completely removed during the stripping step. To settle this 



41 



wo 2004/053970 




PCT/KR2003/002660 



problem, the stripping process may be performed twice on the substrate, a bufiBering 
step may be additionally carried out between the stripping step and the rinsing step, 
or the striping step may be reversibly performed in the stripping apparatus. 
Therefore, the stripping composition of the present invention can advantageously 
5 remove the photoresist pattern formed on a large substrate using the 
above-mentioned process. 

Experimental Embodiment 1 

In the experimental embodiment 1, the same elements denote the same 
10 elements in the exemplary embodiment, and thus the detailed descriptions of liie 
same elements will be omitted. 

The stripping composition according to the exemplary embodiment of the 
present invention was sprayed onto a substrate having a photoresist pattem through 
a nozzle. The stripping composition wetted the photoresist pattem to decompose the 
15 photoresist pattem. The decomposed photoresist pattem was rinsed using ultra pure 
water so that the photoresist was completely removed from the substrate. 

The stripping rate of the stripping composition containing the ozone and the 
acetic acid was about 6{mi/min. 

20 Comparative Embod iment 1 

In the comparative embodiment 1, the same elements denote the same 
elements in the exemplary embodiment, and thus the detailed descriptions of the 
same elements will be omitted except flie stripping composition including an acetic 
acid and a ultra pure water. 

25 The stripping rate of the stripping composition containing the ozone and the 

ultra pure water was about O.lpm/min, whereas the stripping rate of the stripping 
composition according to the e^erimental embodiment 1 of the present invention 
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was about 6|im/niiii. That is, the stripping rate of the stripping composition 
according to the experimental embodiment 1 of the present invention was greatly 
superior to that of the stripping composition including the ozone and the ultra pure 
water. 

5 

Experimental Embodiment 2 

In the experimental embodiment 2, the same elements denote the same 
elements in the exemplary embodiment of the present invention, and thus the 
detailed descriptions of the same elements will be omitted, 
10 The O2 ashing process was on^tted before etching the chromium layers 

using the stripping composition according to the present invention. Therefore, a time 
for end point detection (EPD) was reduced to 30 seconds. 

Comparative Embodiment 2 
15 In the comparative embodiment 2, the same elements denote the same 

elements in the exemplary embodiment, and thus the detailed descriptions of the 
same elements will be omitted except a conventional stripping composition being 
SC2002. 

When the conventional stripping composition, that was SC2002 produced by 
20 Dongjin Semichem Ltd. in Korea, was employed for etching the chromium layers, a 
time for EDP using the SC2002 was 50 seconds, whereas a time for EDP using the 
stripping composition according to the exemplary embodiment of the present 
invention was 30 second, because the O2 ashing process was performed in the 
comparative embodiment 2. The SC2002 included by about 9 weight percent of 
25 N-ethyl methyleanmie, by about 39 weight percent of N-methyle pyrrolidone, by 
about 49 weight percent of Butyl diglycol, and by about 3 weight percent of gallic 
acid. 
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Industrial Applicability 

As described above, when the stripping composition of the present invention 
is used to remove the remaining photoresist pattern on a substrate after etching 
process, the photoresist pattem is easily removed without an adverse effect The 
stripping composition of the invention is cheap, and more effectively protects the 
environment in comparison with the convrational stripping compositions such as an 
organic solvent or an alkali solution. Additionally, an O2 ashing process performed 
before or after a stripping process may be omitted to thereby simplify the stripping 
process because the stripping composition includes acetic acid and ozone gas. 

Although exemplary embodiments of the present invention have been 
described, it is understood that the present invention should not be limited to 
exemplary embodiments but various changes and modifications can be made by one 
ordinary skilled in the art within the spirit and scope of the present invmtion as 
hereinaft:er claimed. 
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Claims 

1 . A stripping composition for removing a photoresist including novolak, 
the stripping composition comprising: 

an acetic acid; and 

an ozone gas included in the acetic acid as a bubble form. 

2. The stripping composition of claim 1, wherein a pH of the stripping 
composition is about 1.6 to about 5.0. 

3. The stripping composition of claim 1, wherein a concentration of the 
ozone gas included in the acetic acid is about 80,000 to about 90,000ppm. 

4. A method of forming a pattern, the method con^rising: 

forming a photoresist pattern including novolak on a layer formed on a 
substrate; 

etching the layer using the photoresist pattern using as a mask to form a 
pattern on the substrate; and 

removing the photoresist pattem using a stripping composition including an 
acetic acid and an ozone gas included in the acetic acid as a bubble form. 

5. The method of claim 4, wherein the stripping conq)osition is prepared 
by bubbling the ozone gas in the acetic acid. 

6. The method of claim 5, wherein a concentration of the ozone gas 
included in the acetic acid is about 80,000 to about 90,000ppm. 
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7. The method of claim 4, wherein the removing the photoresist pattem 
further comprises: 

spraying the stripping composition onto the photoresist pattem to wet the 
photoresist pattem; and 

rinsing the photoresist pattem. 

8. The method of claim 7, wherein the photoresist pattem is rinsed using 

water. 

9. The method of claim 7, wherein the spraying the stripping 
composition further comprises: 

moving the substrate in a first direction during spraying the stripping 
composition onto the photoresist pattem; and 

moving the substrate in a second direction opposed to the first direction 
during spraying the stripping composition onto the photoresist pattem. 

10. The method of claim 4, wherein a pH of the stripping composition is 
about 1.6 to about 5. 

11. The method of claim 4, wherein the layer comprises a gate layer 
having a first gate wiring layer and a second gate wiring layer, 

and wherein, the method further comprises: 

etching the second gate wiring layer using the photoresist pattem as a mask to 
form a second gate wiring layer pattem; 

removing the photoresist pattem using the strippiag composition; and 
etching the first gate wiring layer to form a first gate wiring layer pattem. 
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12. The method of claun 1 1, wherein the gate layer comprises a Cr layer 
and an Al layer. 

13- The method of claim 11, wherein the photoresist pattern is removed 
5 using the stripping composition after etching the first and second gate wiring layers 
using an etching gas. 

14. The method of claim 13, wherein the etching gas comprises a chlorine 

gas. 

10 

15. The method of claim 1 1, wherein the photoresist pattern is removed by 
using the striping composition after a contact hole is formed according to etching the 
first and second gate wiring layers. 

15 16. A method of manufacturing a TFT substrate for an LCD device, the 

method comprising: 

forming a first gate wiring layer and a second gate wiring layer on a 
substrate; 

forming a first photoresist pattmn including novolak; 
20 etching the second gate wiring layer using the first photoresist pattern as an 

etching mask; 

removing the first photoresist pattern using a stripping composition including 
an acetic acid and an ozone gas included in the acetic acid as a bubble form; 

etching the first gate wiring layer to form a gate pattern having a gate line, a 
25 gate pad and a gate electrode; 

forming a gate insulation layer on the substrate having the gate pattern; 
forming a semiconductor layer and a doped amorphous silicon layer on the 
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gate insulation layer; 

forming a semiconductor layer pattern and an okmic contact pattem by 
etching the senoiconductor layer and the doped amorphous silicon layer; 

forming a conductive material on the semiconductor layer pattem and on the 
ohmic contact pattem; 

forming a data line, a source electrode and a drain electrode by etching the 
conductive material; 

forming a passivation layer on the data line, the source electrode and the 
drain electrode; 

fonning a second photoresist pattem including novolak on the passivation 

layer; 

etching the passivation layer to form a contact hole partially exposing the 
drain electrode; 

removing the second photoresist pattem using a stripping composition 
including an acetic acid and an ozone gas included in the acetic acid as a bubble 
form; and 

forming and etching transparent conductive material layer to form a pixel 
electrode. 

17. A method of manufacturing a TFT substrate for an LCD apparatus, the 
method comprising: 

forming a gate pattem having a gate line, a gate pad and a gate electrode on a 
substrate; 

forming a gate insulation layer on tiie substrate having the gate pattem; 
forming a semiconductor layer, an intermediate layer and a conductive layer 
on the gate insulation layer; 

forming a photoresist film including novolak on the conductive layer; 
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exposing and developing the photoresist film to form a photoresist pattern 
having a first region formed in a channel region disposed between a source electrode 
and a drain electrode successively formed and a second region formed in a data 
wiring region successively formed, the first region having a thickness thinner than a 
5 thickness of the second region; 

etching the conductive layer, the intermediate layer and the semiconductor 
layer using the photoresist pattern as an etching mask to form a semiconductor layer 
pattern in the chaimel region, and to form the semiconductor layer pattern, an 
intermediate layer pattem and a conductive layer pattem in the data wiring region so 
10 that a data line, the source electrode and the drain electrode are formed in the 
channel and the data wiring regions; 

removing the photoresist pattem using a stripping composition including an 
acetic acid and an ozone gas included in the acetic acid as a bubble form; 

forming a passivation layer on the data line, the soiirce electrode and the 
15 drain electrode; 

etching the passivation layer to form a contact hole partially exposing the 
drain electrode; and 

forming and etching transparent conductive material layer to form, a pixel 
electrode. 

20 

18. A method of manu&cturing a TFT substrate for an LCD apparatus, the 
method comprising: 

forming a data wiring having a data line on a insulation substrate; 
forming a red color filter, a green color filter and a blue color filter on the 
25 substrate; 

forming a buffer layer covering the data wiring and the color filters; 
forming a gate wiring layer on the buffer layer; 
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forming a photoresist pattern including novolak on the gate wiring layer; 

etching the gate wiring layer using the photoresist pattern as an etching mask 
to form a gate wiring having a gate line and a gate electrode; 

removing the photoresist pattem using a stripping composition including an 
acetic acid and an ozone gas included in the acetic acid as a bubble form; 

forming a gate insulation layer to cover the gate wiring; 

forming an ohmic contact layer pattem of an island shape and a 
semiconductor layer pattem on the gate insulation layer, and simultaneously forming 
a first contact hole through the gate insulation layer and the buffer layer to partially 
expose Ihe data line; 

forming a pixel wiring including a source and a drain electrodes separately 
formed on the ohmic contact layer pattem, and a pixel electrode connected to the 
drain electrode, the source and the drain electrodes substantially including identical 
material; and 

removing an exposed portion of the ohmic contact layer pattem between the 
source electrode and the drain electrode to separate the ohmic contact layer pattem. 
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